Abstract: This report presents an unusual case of Sertoli-stromal cell tumor and polycystic ovary syndrome successfully treated with weight reduction and an insulin-sensitizing agent. A 22-year-old woman, gravida 0, para 0, visited our hospital for the first time with a 12-year history of secondary amenorrhea and hypertrichosis. Transvaginal ultrasonography revealed a solid tumor in the right ovary. Right salpingo-oophorectomy was performed and pathological examination confirmed a Sertoli-stromal cell tumor. The patient's serum androgen levels declined postoperatively, but remained above normal. Pioglitazone treatment for 6 months also significantly reduced serum androgen levels, but they still remained above normal. However, after losing 12 kg of body weight, the patient's serum androgen levels declined to normal, and spontaneous menstruation became regular. Weight reduction with pioglitazone is an effective means of treating hyperandrogenism.
Weight reduction and pioglitazone ameliorate polycystic ovary syndrome after removal of a Sertoli-stromal cell tumor 
Introduction
Hyperandrogenism is a condition in which androgen excess leads to ovulation disorders and hirsutism. The causes of hyperandrogenism in women are varied; polycystic ovary syndrome (PCOS) is the most frequent cause, with late onset congenital adrenal hyperplasia, Cushing's syndrome, and androgen-secreting tumors of the ovaries and adrenal glands occurring in rare instances. The symptoms of these disorders are similar in many respects, and the presence of multiple sources inducing hyperandrogenism is usually an unexpected circumstance.
Sertoli-stromal cell tumors of the ovary are a heterogeneous group of benign and malignant tumors that account for less than 1% of primary ovarian tumors. 1 They are a type of sex cord-stromal tumor and secrete various androgens. The related hyperandrogenism can be cured by complete removal of the tumor; however, androgen-secreting tumors such as this one are thought to sometimes cause a secondary PCOS due to exposure of the ovary to high levels of androgens at puberty. 2 In such cases, tumor resection, by itself, may not ameliorate the hyperandrogenism completely. Instead, sustained hyperandrogenemia may persist in the absence of the tumor.
Here we report a case of secondary amenorrhea and hirsutism that developed after menarche. A Sertoli-stromal cell tumor of the right ovary was removed, but the patient's androgen levels did not normalize completely. Thorough studies revealed her PCOS status, which required an insulin-sensitizing agent and weight loss to resolve. 
Case report
A 22-year-old Japanese woman, gravida 0, para 0, was referred to us by the clinic at which she first presented with a 12-year history of amenorrhea and hypertrichosis of the face, vulva, mons pubis, and thigh. She did not show male-pattern baldness because Japanese patients with PCOS usually do not have severe virilization. In other respects, her medical history was uneventful. She left her secondary amenorrhea untreated for a long time because she was socially withdrawn, homebound, and no family member noticed her abnormality. Her menarche was at 10 years of age, but menstruation never occurred after that. The patient noticed growth of a beard and thickening of her pubic hair. Her appearance was obese; her height was 158 cm and her body weight was 65 kg (body mass index 26.0 kg/m 2 ). The patient's endocrine and metabolic profiles are presented in Tables 1 and 2 . The assay type, coefficients of variance, and reference ranges of her androgen measurements were fully described in our previous study. 3 In this case, we used a free testosterone immunoassay instead of calculation of free testosterone because free testosterone immunoassay is quite common in Japan and is reported to be strongly correlated with calculation of free testosterone. 4 Initial hormonal examination revealed her androgen levels to be extremely high. Insulin resistance was assessed using homeostasis model assessment of insulin resistance (HOMA-IR), which was calculated using the formula: fasting plasma glucose (mg/dL) × fasting insulin (µU/mL)/405. With a HOMA-IR . 2.0, she was diagnosed as being insulin-resistant. 5 Adiponectin, an insulin-sensitizing adipocytokine which decreases with deposition of visceral fat (,8 µg/mL is considered abnormal), was also measured as a surrogate marker of insulin resistance. 5 Transvaginal ultrasound examination revealed a solid mass in the right ovary, and the patient was referred to our hospital for further investigation and treatment. Magnetic resonance imaging performed at our hospital showed a solid mass in the right ovary and an immature uterus. The tumor was of moderate intensity on T1-weighted images and heterogeneously high intensity on T2-weighted images. Gadolinium-diethylenetriamine penta-acetic acid-enhanced T1-weighted images showed marked enhancement of the solid portion. Based on these findings, an androgen-secreting ovarian tumor was suspected. Exploratory laparotomy revealed a solid tumor in the right ovary without peritoneal implants or lymphadenopathy, and a right salpingo-oophorectomy was performed. Macroscopically, the tumor was an orange-colored solid mass, which caused partial rupture of the ovarian capsule ( Figure 1A) . Microscopically, the tumor cells contained small round nuclei and abundant vacuolated cytoplasm, and were arranged in nested and cord-like patterns ( Figure 1B) . The mass was diagnosed as a Sertoli-stromal cell tumor with intermediate differentiation. After the operation, menstruation occurred spontaneously but remained irregular, and although the patient's serum androgen levels declined, they remained above normal (Figure 2 ). Her hypertrichosis, adiponectin level, and HOMA-IR also did not improve. We recommended weight reduction to improve her insulin resistance, but she did not take action about her weight problem. Because of her poor compliance, we then settled for the second best strategy, ie, administration of an insulin-sensitizing agent. We chose pioglitazone because the maximal dose of metformin is limited to 750 mg in Japan and its effect is less promising. Thiazolidinediones have been reported to be superior to metformin in reducing androgen levels. 6 Two years of pioglitazone treatment at 15 mg/day was effective, but did not completely resolve her refractory hirsutism, insulin resistance, or free testosterone level (Figure 3 ). However, she suddenly became lean for unexplained reasons, probably because she Figure 3 ). The patient now takes no medication and is free of disease.
Discussion
In this report, we describe a case of hyperandrogenism caused by a Sertoli-stromal cell tumor of the ovary and secondary PCOS. Sertoli-stromal cell tumors of the ovary are rare neoplasms occurring mainly in patients younger than 30 years of age. 7 Almost all of these tumors are confined to a unilateral ovary, and given the young age of these patients and the usual stage of the tumor, unilateral salpingo-oophorectomy remains Notes: After surgery, the patient's total testosterone level returned to normal, but free testosterone and dehydroepiandrosterone sulfate levels remained above the normal range. Following pioglitazone administration and weight reduction, androgen levels returned to normal. 
Figure 3
Effects of various treatment modalities on hormonal and biochemical parameters. Notes: After surgery, total testosterone levels returned to normal, but free testosterone levels remained above normal. Weight loss successfully resolved the patient's insulin resistance and hyperandrogenemia. Abbreviations: F-T, free-testosterone; FPG, fasting plasma glucose; IRI, immunoreactive insulin; HOMA-IR, homeostasis model assessment of insulin resistance; Adipo, adiponectin.
the most acceptable therapeutic strategy. The prognosis of Sertoli-stromal cell tumors is usually good and correlates with the stage and degree of differentiation. In our patient, the tumor was stage 1c and differentiation appeared to be intermediate; consequently, the prognosis was expected to be good. Earlier reports have noted that 11% of intermediately differentiated tumors are clinically malignant. 7 Recurrence of malignant Sertoli-stromal cell tumors occurs relatively early, and recurrence is usually confined to the pelvis and abdomen, but distant metastasis to the lung, scalp, and supraclavicular lymph nodes has been reported. 7 There has been no evidence of recurrence in our patient during 5 years of follow-up.
There are two aspects to this case that we f ind particularly interestingly. First, the causes of the patient's submit your manuscript | www.dovepress.com Dovepress Dovepress hyperandrogenism, ie, PCOS and the Sertoli-stromal cell tumor, can be superimposed. The diagnostic criteria for PCOS with other etiologies that can result in menstrual irregularity and hyperandrogenism should be excluded. [8] [9] [10] Therefore, we omitted PCOS from consideration in the differential diagnosis of this patient. However, in cases like ours, the Sertoli-stromal cell tumor may cause secondary PCOS related to exposure of the ovary to high levels of androgens from puberty. Generally, we consider postoperative androgen levels to be an indicator of disease activity in androgen-secreting tumors. In our patient, androgen levels declined a week after surgery, but did not reach normal levels despite successful surgery. At this point, we considered the patient to have PCOS. Two months after the operation, free testosterone levels remained above normal. Because insulin-sensitizing agents are reportedly able to reduce androgen synthesis, 11, 12 pioglitazone was prescribed in an effort to normalize the patient's androgen levels, so as to treat her hirsutism and better monitor her for signs of recurrence. There is no need for concern about masking recurrence by treating hyperandrogenemia with pioglitazone, given that androgen production by neoplasms cannot be inhibited with insulin-sensitizing agents.
Second, the patient's weight reduction dramatically reduced her PCOS. Although ovulation disorders caused by hyperandrogenism in PCOS patients can often be treated effectively using insulin-sensitizing agents such as metformin and pioglitazone, 13-15 our patient's free testosterone levels remained above normal after 2 years of treatment with pioglitazone. This may have been because the patient was overweight, and insulin resistance reduces levels of sex hormone-binding globulin, which binds and inactivates testosterone. In our case, pioglitazone alone did not completely resolve the patient's insulin resistance and sex hormone-binding globulin production, and weight reduction was a necessary part of her treatment. It is known that lifestyle modification can ameliorate hyperandrogenism in PCOS. 16, 17 However, there is a trend towards starting treatment of PCOS patients with drugs and without lifestyle intervention due to poor compliance with lifestyle modification. In addition, maintaining weight loss is difficult. It is quite rare that a case of PCOS resistant to an insulin-sensitizing agent can be completely cured by lifestyle modification alone. The lesson we learned from our experience is that we should strongly emphasize the importance of patient education concerning lifestyle modification.
In conclusion, this case provides us with useful knowledge that increases our understanding of the etiology and pathophysiology of PCOS. Lifestyle modification should be a first-line therapy for PCOS, although medication is easier and brings immediate benefits.
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